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m m 



^^m(Diy::^'rJ^i-t. BIR(Break-Induced-Replication) t^^itth^^ll^t^^ir^t/^ 

[0003] ^fFJtitl: #^¥^8-504585 (W094/14968) 

#^#fF:S:ifcl:PNAS, vol.98. no.l5, 8255-8262 Ouly 17, 2001) 
##fP:S:i)t2: Genes Dev 12, 3831-3842 (1998) 

[0005] ^m^^^i-i. BiRtm-£ti^^WiHx(Dm^^<D^m(Dmmi^m^^^x. 
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fz.mz.'j^^mfs:^iiu (Ate) ^^ir^2^mDNA^^ (A-B-c) mm(Dm^^h 

o2;*:^DNA§P5>(A*-B'-C' : B'«±ii|igg6*Jit^^^-efco-Ob<t<. AtA'RXJ^ 
[0006] ap*>. A-CRX^A' ~C' JLi-iA' -C' ^j^;^|^t^@H^J$-^fcBfi^J (^tf 

. A^A' i'im^zmm^mMx.n^^£2^mDNA-ch^x—:^^mjjKM\^xm. 
:^mcmm^'^fc2^mi>NAm}i. etc i^s.\^^^mmmmmx.^mf£2^mr> 
NAxh<>x—:^^m:fji^ni^xm:)j\ki^nm^'tfc2^mmAmyr^mv. ar 

[0007] */c. A-B-CRUA'-B'-C'Xi-iA'-B'-C'^m:)7m^mm^-^fc 

mm i^^. AtA' i^m^c^m^u^x.'^t^^j:2^muNAXh<>x—:^^iik:^ 

2^mj:>NAXh^x~:}j^m:^i^M\^xm:^\Hicm^l^'^fc2:^mDi^Am}f^m 

U :mh(Dmi^BM(^DNAmmtmA^riX\^XhX^\ )Sr^i-^2:*:^DNA 
[0008] roj;5^^2;$:^DNA<D0^LV^0iIi:UT, 

( 1 ) A-C-A ' -C ' (Difi^J , 

(2) A-C-D-A'-C' (^SB^J. 
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(3) (i)E'-A-C&U«(ii)A'-C'-E^b<{iA'-C'-E<Z)iiSfr;^|R]ga^lJ. X?*(iii)A- 
C-ERX^ (iv) E ' -A ' -C ' {*E ' -A ' -C ' (D^:^ |b] SS^U . X it 

(4) D-E'-A-C-D-A'-C'-E-D. D-E ' -A-C-D-E ' -C ' '-A' D-A 
-C-E-D-E'-A'-C'-D^ XfiD-A-C-E-D-C' '-A' '-E-D<7)iE^J 

(5) A-B-C-A*-B'-C' (OIB^IJ, 

(6) A-B-C-D-A * -B ' -C ' (DiB^J , 

( 7) (i) E ' -A-B-C^i;? (ii) A ' -B ' -C ' -E^L< A' -B ' -C ' -E(D jS&^|r] IB^J , 
Xf* (iii) A-B-C-E^tl? (iv) E ' -A' -B ' -C ' ^b< }*E' -A' -B' -C ' (DiS^^^lBjiB 

(8) D-E ' -A-B-C-D-A ' -B ' -C ' -E-D. D-E ' -A-B-C-D-E ' -C " -B " 
-A' '-D. D-A-B-C-E-D-E'-A'-B'-C'-D. X(iD-A-B-C-E-D-C' ' 
-B " -A ' * -E-D(DgE^J 

±mtm^x-h^o c"-A" (*A'-c'^ai§>^fBj(cga^j$-Brfc@a^ij^^u c-b' 

'-A' ' f*A'-B'-C'^ag^^[RltCga^J$-frfcSE^J^^-ro )*^fe^!feS2;2|s:^DNA;6S 

[0009] ^J;tfi, (1) {Jifi. AC-c'A'-AC/ctif<Oiam^^U :itvfil^CBB^J(AC)^3 

C A' ) (^tt':^{C^»fffiglf^}f Ai-t^^^x (2) <DAC-C' DA'-AC^>fc§o 

A-A-A'-A\ (2)A-A-D-A'-A\ (5) A-B-A-A'-B'-A\ (6)A-B-A- 
D-A ' -B ' -A' fj^t^X-h^o 

[0010] ^mmn. ±m ( i) — (s) <z>v ^T^^35^<^22|s:^DNA^sr^tf m^i^^^^s?— 

^|s:|ilP>gtt±IB(l) (2) (5)Xf^(6)<^2>f5:^DNA;d5^A$4xfc?l^«tei$l#: 
-efcSo (1) (2) (5)X«(6)(D2^|s:^DNA{i^#.f*:{C^Ai-5<D{CjgbTV>So 
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[001 1] ^mm f*. -hia o) (4) (?) xf^ (s) (D2:^mDNAi)mA^tircm.^^y'y 

^^K-Cfc5o (3) (4) (7)X(^ (8)f*:7'7;^^K(C#A'r'5<^{;ijilbTV^So 

[0013] :^^m(D, MB'^mmm<D2y^mDNAn. 

(i) A-B-C. 

(ii) A'-B • -C ' Xi-iA'-B ' -C ' ^m:^\^ Kmn^'^tcMn 

fiJ;V\ ) ^^ir^2^mDNAXm . 0*b<{*_h|E(l) — (8)(7)V^'rtb^^<D2;z|s:^ 

[0014] z.(DAbA' \t.m^z.mm^mMx.-^Wi^2>i^mDiiA. 0*u<(*i^— bb^j©2^|s: 
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ibm^mmU'^ m^\-£. c-a' p^xf^o) icm^u^mx-it. io-30bp)<D+aiRi 
etc i-iAtA' tmm(Dmm^h^o Mt-. A^c^«i^i^-efeoTtjj;v\ 

[0016] Df*H03i;xK^:5'l^T— ^O^^^fi^ia^J (^T THOcsJ t'bV ) "C^^. 
[0017] E}*7^c2p«TiB^J (i^^lT TTELJ ^t)V ^5o ) ^^"To -T^np^TiB^Jirmelomere^Jl^^^ 
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rHll-'ttit<^DNAiB^J/5Sif A$tb-CV^Tt)J;V^o C<7)j;5?'^Ba^J^bT. centromere ( 
Ji>LT rCENJ i:V ) ^ autonomously replicating sequence (^T TARSJ ^% ) > 

CENia^Jf*. t*0^fe#:±(Dcentromereia^J-et3^V^ (#|E(0^jg^J-e{*4#^ 

^tL-So A-B-C(X}iA-C)i:TEL<D^. Xf*A'-B'-C'(X{*A'-C')^VM*^(Dj^|Bl^ 

A^tv^J^-^f*. vector±ic^irt^e)^*-^*tl§-<t-e{i?fcv^o-c^ — jlS6^^cCi)iffi 

vector (^JpBR322x pUC series ^ pBluescript series > pGEM series^)^^V^§;ii:;dS 

x^mmm^i()mw^n^o a-b-c(x{*a-c)^telop^;6\ A'-B-ccxfiA'-c) 

^v^{i^(Djg!iRi#(DiE^Ji:TELorfl.ov^Ttbd^{;iloif A$ti^-i:d5M*bv\ 

MJI^N'— i:b-C{i. URA3. HISS. TRPl. ADE2. LYS2^t)^S^1,fhtl^o B(Di^ 
A-B-C^TEL. A'-B'-C'^V^{i^<D^^&|B]#^DSB^lJmL. i:V ^52am<^«it^{&i! 

HO cs<DF^iC{*jf A$tt^.^v^::^;5sg*bv^o 
[0020] il^^^Jti|>s$-a:^fcJ6 ia-i. _hlB<^J;5 ^^:«^$;}^fc2;4s:^DNA^^|gl»'e^^ 
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[0021] *fc> MB^ii^mcDtcib K2^mDNA^mAir^:f9:^^\'^t\^Xii. mono copy 

plasmid^ffiV^^:l^;^)W*LV\ ^(©mono copy plasmidifi. CEN@B^JS.U^ARSiB^J 
^rWi'-Splasmid^ic^b. M:^it. ^Smono copy vector (^J;tfi. YCp50. pRS313 
, pRS314^ pRS315^ pRS316. pRS317^ pRS412, pRS413. pRS414^ pRS415^ pRS416^ 
PAUR112, pAVm23W)^AWifhtl. *fc^»^M^^ARSia^J^^«CENgB^J 
^Wr^WAir^M^l't. a>«r<^iJl>^vector(Mx.{^pBR322. pUC series (pUC18> 
pUC19)^ pBluescript series (pBluescript 11)^ pGEM series (pGEM-3Z6^)^ffiV'>^.^ 

[0022] 2:^mDNAtvxm^ii±mmm ( 1) ^ (5) ^m-^m^mM^fcm^iM, 

^^A-r5^^;6W*bv \ oi^Kp^iJ'i^T— ^tr^Ai-S^. ^iffSBf(D) \zi^\i^X 

2:^mD^At^mm-^fi. mmumnunm±{AhA\ctc')-bm^ir^:L}i\^ 
it). i^^fc2-ir0fT'BiR^iq^fmssiJK;6s^vi?)> m.uy*—'^t>^2^wx^^mi.^—v 

[0025] JilEiB^J (3) (4) (7) X« (8) ^>^7^^KtC^AU/c^-^t>MKlJ6^(-±IEi:l^#(^) 

S;^;:;e»5®^^o la^J (4) ^ (s) ^::/7;=^5:K(;i#Ab/c#^oJii|ie^ra{ii-24NFra 
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^Jfe^il 1 

[0027] m3±^i^^'f'X^ 2^<DHOia^J (DSB. iB^J#^l) iZ.m^tltcVRAZmB'f' 
(BE^J#^2) . 2MM(Dm^B^'yy^^\^niim (YF257394-YF258454(gB^J#-^3 
)&WF267165-YF268121(ia^J##4), GeneBank Accession ID; NC 001138) > 
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wCO^-fe^^DNA^PFGE (Pulsed-field gel electrophoresis) fc^V FIGE 
(Field-inversion gel electrophoresis) izXoX^M^s ^fzM^^^Xholi'lX'oXm 

[0029] e7^V/V:S::k<^/P=i— ;;^^5cjt«&-eit^^ti/^CiJ^n— :x(SD-Ura. HO^:^V^i!^U 
SG-Leu. HOJ^i^Kp^i^l^T— g^^mil^) t-oV^lT. ^n— :/^bTleu2d ^>^V^T 

.PFGE{;i<toT5>ft$*i'fc^-fe#:DNA&t5T;{fn— ;:^y/vm^^lb{e:J:oT:$>il$ 

tufcXholt^-fb^ODNA^^IfbirCo ^<D^;^^05iC^i-„ Afi^^flcDNA^ 
PFGEIC-C5>ilbfc^>0. Bf*XhoI?^^b^<DDNA^T:^f >?.y/km^^»J (^iTr^- 

^/c. iMf>'>^n5/hfelCJ;§lt'|iSS^<^«3t^*lf^ia6lC^i-o A(*PFGET*^Ht 
$tLfc^fe^*^DNA^RET2^C2— V ^Ti5f^ffbfct><^. Bfi FlGE-Cr^-^^tV^c^ 
-fe^DNAtrleu2dy 13— y ^ffi V ^T^>?^ff bfct><D<Sr^-t"o 

[0030] ^(D^wi^m (05) x^o. ieu2dm)i^m\^^xm3m^m^-u^^^thx\^ 

^lfflilSt*LS20l^*5V ^■r f*. ^345 kbOM3^fe#:t8.9^t;?J^12.5 kbOXhoIfgfJtJdS 
4U— >-] -e{*Jti|iS^'(£:6S}f A$tbfc292 kb(D06^fe^^^^xie:S*-f S11.6 kb 



wo 2005/061703 1 0 PCT/JP2004/0 16833 

BlSBlCjoV^-Cfi. Ieu2d proheX-^m^MXhom)i (4.4 kb, 6.4 kb, 8.2 kb, 10.3 

kb) ^^M^^tl^o 

milCl/w-^ 35. 43. 44. 47, 54, 58. 63] \^m^MU<DiSM7b^h^M^tl^M'0(D 
[0032] ||2||[W— :x 45. 49, 56. 57, 66, 70, 72] -CfiPFGE^^If l-iSV^T^^lilStV^i^^ 

^tbb{^{c4oV ^T^650kbJEJ^±<D^ilPI#i:'>3i/v#5£l-#Sf-§Sv 

^U. #S^Ci^^};Iiil|lgb-CV^^^®t>t^5o A(Diil|^ijg^<Di^-rX;i^b^ clone66{i 
13 copy, clone49{*29 copy. clone57{*38— 54 copy. ^tti^^}^^ttiU-h<^leu2d 

[0033] 03S^[1^— 36, 38, 42, 46, 48, 50, 51, 53. 55. 59-62. 64, 65, 67-69] {i. 
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[0034] ifc^^'l 1 

o 

:L(Dit^mixn. m9i^^-txoi^. BiRRjt^^m:Lh'r. m^^^mmTii^i^^^j:*^ 
[0035] mmmixmmvtcmm^i^Ti^h. 2^oHOia^j (ga^j##i) iz.m^tLfcxjRA3 

(YF257394-YF258454 (iB^J#-8-3) ^ WF267165-YF268121 (ia^J#-^4) , 
GeneBank Accession ID; NC 001138) . itijigiSiR-^— jt'fe^^leu2d(ia^J#-^5 

>'^v^fc)^i^fe^cM*bfCo wi^(D^\^—hi>h2^iu—>' 7. 8) . 

o 

>'80^*. ^fe^^:_b-Cleu2d(D^ft^Jfe^i(II;55Sfebtv5o 

[0036] mi 2 (A) (C^f :7"7>^^KpNo42IR (from Dr. Butler DK (Montana State 

Univ., Genetics 161, 1065-1075 (2002)) (C, 3^<OHOE?!j (DSB. ga^J#-^l). 
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URA3jt^^(iB^J#-^2). ARSljt^^^(iB^J#^6). LUCjtfe^(@a^J#-^7). 

cEN4jt^^(ia^m-^8). GFPa^^^(BE^j#^9). Rxj^mmm^'^—:^—m^^ 
ieu2d (SB^j##5) tmm^tifcmm^^^mAu mmmyy^s.h'mA^mm\^ 

/Co 

Frozen-EZ Yeast Transformation II:ZYMO RESEARCH, Cat No. T2001)^fflV^T 

(2%) m^mmi^impHjvx^ibfco 

[0037] vLO^-fe#:DNA^PFGE (Pulsed-field gel electrophoresis) fc^V ^{:iFIGE 

(Field-inversion gel electrophoresis) lCj;o-C^g|U^ ^fc^lJPS^^XhoH^lio-C?^ 

il$;h./c^&^DNA^RET27"n— ^^ffi V ^T^^^ff U/ct><^. B{*FIGE-e5^il$tt:fe 
^^#:DNA^leu2d:/n— ^^S^ffiV^-C^WUfct(D^^-ro SD-UrafiUra^^^eV ^ 
^/W=iw-;:^j^^-eJ^^bfciJ'n— SG- Ura, Leul-iLeu-Ura.-:ffy^h—:^^MXm 

[0038] ^0^1jjEl<J;«9. :2|s:|il§go:/^>'^^KpBlACD^P^§Pfi(DSB)^^P^-r^rtlCj;«9. 

IEI13 (A) (OSD-Ura<Di^i/>^/^^^^3V^-t. H^I^DNAOl^lT— 19kb<D;g:$Oi::ii:^ 
lJ:^Jtfe:;^7:^5KpNotBIAi;pBIA;0S|t^^H^o — iai3(A)(DSG-Ura, Leu(D^ 
12—20 kb(D{ig(C, BlAi^>':7'/V-T?, \^i)^h^-<i^>X^^M\^^^\Jk.^'^^—f€. 
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h^^tA^^:d^^o ^fc. ^(D^^i-am^Kitmu mi4K^i-xoi^, 13.39 hp(Dh 

12113(B) Cla.W^yhL'Xmy<.y^l^m^^WiVtz.h(D^^\^. ^(Dy^l^VcD^^t 

[0039] bbmm2 

:ffy^h—:^m^M^i'¥TX<DmMM4tit^m2(D:fy:^5^i^ (pBIA^T^pNotBIA) ^ 

[0041] [iai]BIRMi;S;Op«;;?;^Xi^^;^-f-|2|-efe5o 

[ia3];^^§a<Ojtfe^^liijii<Di^^^^-r|g|-efeSo CEW^^-fe^hn^r^ TELJ^t^ci^ 
T^^-f o DSB(Double Strand Break)t*2;^^§]^^Bif^:^t"o 
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RET2zf^—zfxmiiii^fch(D, Bi^mmi^ieu2dyu—zfxi^mvrch<D^^'r 

o 

mio]mM^f\3xm^^ti2^mDNA(Dm^^^irmx»)^o 
mn]^'^i^yti>yvmi^x^mmm<^<DmwmT^^'rmxh^o a{*pfge{;ij;«9 

[|l|12]|li£^!l4-e>^V^:^c>^^;^5KpBIA^pNotBIA<0^^^^i-|l|-Cfc5o 

[El i4]:/^;^5:KpBiA^ffl V ^fcJ^-^iOiiilig^^i^^^i-o 

^—m^^-rmxh^o 
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mf^^u^^'^wj:2:^mDNAvh^x~:)j^m:^i^Mvxm:fj[^i^mm^'^fc^ 

2;^^DNAir>lt. etc um^::^m&imM:t^m^£2^mmAXhoX~:^^ 

o )^Wi-527|s:^DNAo 
[2] A-B-<:RX^A'-B'-C'Xi^A'-B'-C'^m:^\^i^mm^'^fcMmi^^. AtA 

' t'iK\^^iznm^mMx.'^WJ:2:^mT)NAXh^X--ij^m.:^i:iM\^xm:fJ\^i^ 

x-':^^m:^imL^xm:^\^Kmm^'&t:L2:^mDi>fAm)f^mu :ztih<Dm (-ft 
[3] st[SEB^B';as^ m^zmm&omM:k.^wj:m.^^x^^xm-':^\Hi':.mmi^tim 
moNAo 

[4] mmBtB'-d^m^m—:^\^i^mm\^fcm^mm^mmi^^t^mMm3Kmm.(D2 

:^^DNAo 

[5] A-c-A'-c' (.^^^ m'B-i-i^s&tmmxh^o ) <Dmm^>h^^mMmu^^m.(D 

2:^^DNAo 

[6] A-c-D-A'-c' (^^. i:)ii:x.:^h^~K^i-T—-ificX^mmmm^'>ti:<th—^^ 

i-s2;^^DNABff>t^^u ^<Dm(D^^i^±mtmmxh^o )(Dmm^^h)^^m 
[7] A-B-c-A' -B ' -c ' (^cfj . m-^i'i±mtmmxth^o ) mim^^hm^m^m2 

[8] A-B-C-D-A'-B*-C' L>i'i^^^h^^^]yr—^iZX^^mnm^{i^ti:<th 

—D^'r^2:^mDNAm)ir^Mu ^(Dm(7>t&-^\'ii±fd.tmmx$?^o )(Dmm^^ 
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E ' -A-CRrjA ' -C ' -E^L< }^ ' -C ' -EO jjfr ;^ |p] lE^J . X {iA-C-E22LtJ?E ' - 

D-E'-A-C-D-A'-C'-E-D. D-E ' -A-C-D-E ' -C ' '-A' *-D. D-A-C- 
E-D-E'-A'-C'-D. Xf^D-A-B-C-E-D-C' '-A' '-E-DC^if . C 

NAo 

E ' -A-B-CS.t;^A' -B ' -C ' -E^b< }*A ' -B ' -C ' -EOi^;^ Ir] IB^J . Xf^ A-B 
-C-E^U«E ' -A ' -B ' -C ' ^b< fiE ' -A' -B * -C * j^;^ fR]gE3^J (^"^fi ^ E t^T^i^ 

D-E'-A-B-C-D-A'-B'-C'-E-D. D-E'-A-B-C-D-E'-C' '-B' '-A' 
'-D. D-A-B-C-E-D-E'-A'-B'-C'-D, Xf^D-A-B-C-E-D-C' '-B' 
'-A' '-E-D(^C4'^ C '-B* '-A'*i^'-B'-C'(Dm:lj\^^n^M'f-o)<^M^\ 
Tb^h^^m^Ml 1 (r|B«(D2^^DNAo 

2<^V ^i-fB^<^2;*C^DNA^-^tf m^X.'-^i^iJ'— o 

ft — 8<z)v ^•rti7!)^—^i^^^<^2^mr>i^AffimA^n±MM^t^i^o 

ft ^^9— 1 2(DV «i-iBa<^2:$:^DNA^5^A$tvfcm^X.7'7;?^5:Ko 
ttf lEiH^J A-C-D-A ' -C ' X ^^-B-C-D-A * -B ' -C ' . fB#}*±IE^ 
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